Active transport of SO04-and SeO42-has been evaluated during 60-hour contact of barley roots with nutrient solutions containing either -5SO42-or 75SeO42%, or both ions, at 0.1 miliequivalent per liter. In the S04' solution the time course of active transport follows a straight line; if SeO42' is also present transport is strongly inhibited after 20 to 30 hours for both ions. The S-Se uptake ratio remains 1.4 during the 60 hours; S-Se ratio shifts from 3.0 to 3.3 in proteins and falls to 0.6 in free amino acids. S-Se discrimination is mainly operating at the level of amino acid incorporation into proteins. The presence of Se-amino acids blocks this incorporation and brings about an accumulation of free amino acids; at the same time carrier activity is inhibited. The addition of methionine or Se-methionine causes a 60 to 80% inhibition of the active transport.
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The uptake of sulfate and selenate in barley roots has been recognized to be mediated by a single carrier. The two anions appear to compete for the same binding sites with a quite similar affinity. This statement has been supported by Epstein's experiments (7) in which active transport of SO42-was measured at various sulfate concentrations in order to obtain, by the double reciprocal plot procedure, the value of the Michaelis constant either in the presence or in the absence of selenate. Active transport was evaluated within 3 hr of root-solution contact, during which the S + Se metabolized was negligible in comparison with that accumulated as inorganic ions in the inner space. In spite of the abovestated absence of discrimination at the level of active transport, plants have been shown to assimilate S or Se preferentially according to the species and its evolutionary adaptation to the Se content of soils (10) .
In the present work we have evaluated the S-Se uptake ratio in barley roots during 60 hr of root-solution contact in order to ascertain whether a selective mechanism is present in roots when the assimilation process is fully operating. We have also evaluated within the same 60-hr period the S-Se ratio in the free amino acid pool and in proteins to get information about the discrimination site. As the results obtained have supported the view of a selective mechanism at the level of amino acid incorporation into protein, followed by a strong inhibition of the S04Q + SeO42 active transport, we have tested the hypothesis of a regulatory function of the sulfur-amino acid pool on the activity of the carrier by observing the effect of methionine and selenomethionine on sulfate uptake.
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MATERIALS AND METHODS
Roots (3-4 cm) were obtained by germination of Hordeum vulgare seeds and prepared for the ion uptake experiments following the methods of Epstein (3). The nutrient solution had the composition suggested by Kessler (5), except for the addition of 1% glucose and the substitution of sulfates by either 0.1 meq/liter "S-labeled K2SO4 or 0.1 meq/liter 'Selabeled K2SeO4 or both. The tissue to solution ratio was 1: 500 in order to avoid detectable changes in solute concentration due to root absorption. Air was bubbled into the solution to ensure oxygen supply and mixing; chloramphenicol, 50 mg/ liter, was added to control bacterial contamination (6) . Active transport of SO42-and SeO42 was evaluated after exchange with 0.1 N nonradioactive K2SO4 for 10 min by counting the root homogenate obtained with an Ultraturrax apparatus after drying on aluminum planchets. Beta emission was measured with a Geiger Muller and gamma emission with a scintillation head (SELO). Counting of gamma emission by the Geiger detector was negligible because of the higher specific radioactivity introduced in sulfate (10 mc/meq) compared to the selenate (2 mc/meq). An aliquot of the roots used for the active transport evaluation was submitted, after the exchange with nonradioactive K2S04, to extraction with H20 at 70 C in order to separate soluble S + Se (inorganic and amino acid fractions) from the S + Se of proteins remaining in the residue. High voltage electrophoresis (Whatman No. 3MM paper, formic-acetic buffer (11), 1 hr at 1500 v) was carried out on the concentrated water extract. The paper was cut to separate radioactivity of the anodic zone, corresponding to inorganic S + Se, from that in the S + Se amino acid zone. The paper sections were eluted with water. By the above procedure three fractions of S + Se compounds were obtained: inorganic, amino acid, and protein. In each fraction the S-Se ratio was determined by beta and gamma counting.
RESULTS AND DISCUSSION
When barley roots are allowed to absorb ions in nutrient solutions containing either SO42-or Seo42-the time course of active transport is linear for 60 hr for S042-, while uptake gets progressively slower for SeO4' (Fig. 1) The ratios were obtained following uptake by barley roots from solutions containing 0.1 meq/liter each of K235SO4 and K275SeO4.
S-Se Ratio after Uptake The S-Se ratio in roots remains constant at 1.4 during the 60 hr of uptake (Table I ). This demonstrates that no change occurs in the relative affinity of the two anions for the carrier and in the discrimination level of the active transport step, even when the transport rate is strongly lowered by the presence of SeO?. Discrimination occurs at the metabolic level; the S-Se ratio in proteins is constantly above 3.0 and in the free amino acid fraction it decreases to 0.6 ( Fig. 2 and Table I ). The amino acid incorporation into proteins appears to operate as the main discrimination mechanisms in favor of SO4'. A strong inhibition of the transport activity in roots (Fig. 1) occurs, related to the accumulation of free amino acids, especially of Se-amino acids. Addition of methionine or Se-methionine (Fig. 3 ) strongly inhibits the SO0' transport, demonstrating a regulatory function of both S-and Se-amino acids in accordance with previous observations in cultured tobacco cells (4) . tions regarding the kinetics of active transport (2) and has found a stronger experimental support in microrganisms and animal tissues (8) in which transport proteins have been isolated. A second level at which the selective mechanism can operate is the specificity of enzyme systems metabolizing the substrate (1). In the case of sulfate-selenate utilization by barley roots the following conclusions can be inferred:
Barley roots transport the two anions during 20 to 30 hr at a constant S-Se ratio of 1.4: 1. The rate of incorporation into protein under conditions of fully operating metabolism is higher than the rate of amino acid synthesis. Therefore, the sulfur-amino acid pool is normally depleted.
Discrimination between S and Se occurs at the level of amino acid incorporation into proteins and the consequence is an accumulation of S-amino acids and the blocking of protein synthesis, which could be explained by inactivation of tRNAs or synthetases by Se-amino acids. At the same time a strong inhibition occurs in the active transport of both S04S and SeO4Q. This is not especially due to the accumulation of Se-amino acids, but to the regulatory action of the sulfur amino acid pool, irrespective of the predominance of S or Se. 
